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Abstract 
This paper describes the effect of heat NH3-gas treatment of samples of plain carbon steel  ( B St-3 sp) to improve some mechanical 
properties (hardness, corrosion rate ). The samples represent machine parts and tools . The purpose of sample treatment is to get more 
wear, fatigue and corrosion  resistance under abnormal working conditions (pressure, temperature, etc.), keeping the core of samples 
flexible to absorb the exerted shocks. The study aims to determine the micro-hardness using Vickers tester , and it ranges between 
150-400 kg/mm2. To verify this data the micro-structure of surface layers was studied by using optical microscope and scanning 
electron microscope (JMS- 6490LV). To examine corrosion resistance, the samples were monthly plunged in seawater for a period of 
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Introduction  
      Increasing reliability and wear of machine parts, metal tools and utilities to improve their performance and 
productive life is a critical issue and thus economized consumption of metals and alloys and reduced corrosiveness at 
the present time.  
      Changing the properties of surface layers in the desired direction is due, in part, heat treatment of surface layers of 
different metals and alloys. The chemical composition of ( B St-3 sp ) analyzed by spark emission spectrometer is 
shown in table 1 . 
Tab. 1 : chemical composition of  ( B St-3 sp ), wt.% 
chemical 
composition C Si Mn P S Cr Ni Cu Fe 
GOST 380-94 0.14-0.22 0.12  0.3 0.4  0.65 <0.04 <0.05 <0.3 <0.3 <0.3 balance 
B St-3 sp 
Wt.% 0.18 0.16 0.48 0.02 0.04 0.15 0.2 0.18 balance 
 
Therefore, this research aimed to study the effect of surface layer saturation of plain carbon steel   ( B St-3 sp ) with 
nitrogen on some mechanical properties. 
      The most important factors of heat gas treatment are heat temperature and exposure time to temperature. However, 
heat gas treatment is associated with three symmetrically-speed processes: decomposition, adsorption and diffusion 
(Fig. 1). As a result of adsorption and diffusion, the surface layers are saturated with nitrogen interacting with base 
metal and other elements forming alloy, resulting in solid solutions or chemical compounds.  
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Fig. 1. diffusion of nitrogen in steel. 
 
Iron  nitrogen system:  
     The most important phases in the equilibrium case of Fe N system are the   - phases (Fig. 2). They are  in 
form of solid solutions and gases. 
 Fe, ferrite phase: is crystallized in the form of body centered cubic BCC. This structure contains two largest 
cavities: the first largest cavities form tetrahedral sites with radius rtet =0.29rFe and the second ones build octahedral sites 
with radius roct =0.15rFe where rFe -3]. Nitrogen occupies capillary pores and holes in surfaces. 
-phase does not exceed 0.11% at eutectoid transformation while at room temperature is 
0.004% (Fig. 2b). 
Fe, austenite phase: Fe is arranged in a cubic close packed fashion FCC in the  phase, where the atoms occupy all 
corners of the cube as well as centers of its faces .This structure contains two largest cavities: the first largest cavities 
form tetrahedral sites with radius rtet =0.23rFe and the second ones build octahedral sites with radius roct =0.41rFe where 
rNi = 0.55rFe. Thus, the interstitial cavities in   phase are larger than those  phase, allowing greater 
solubility of nitrogen in    phase. Maximum value of nitrogen solubility in   phase is about wt. 
2.8% (Fig. 2a). When temperature rises to 950 0 C, the   phase is moved to eutectoid dissociation ' . At 
over cooling conditions of   phase, the austenite phase is transformed to martensite   phase which is a solid 
solution of nitrogen in   phase. Saturated martensite with nitrogen has a unit cell of centered tetrahedral sides, the 
nitrogen atoms are distributed in the symmetric centers in the sides of the unit cell, causing deformation of iron crystal.  
phase (Fe4N): is a solid solution stable up to temperature 670 0C, and with increasing temperature it is transformed 
- phase.  - phase is crystallized in BCC and  the nitrogen is dissolved in the centers of the unit cell (1/2 , 1/2 
,1/2).  
- phase (Fe2-3 N): is a solid solution crystallized in the close packed hexagonal type where the maximum nitrogen 
solubility is (wt. :4.55  11%) (Fig. 2). At temperature 650 0 -phase is subjected  to phase dissociation '  
.Nitrogen atoms are distributed in the gaps and pores which are formed under the surface. The maximum of nitrogen 
solubility in this phase is up to 4.5%.  
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- phase (Fe2 N): is a solid solution crystallized in the cubic system  where the maximum nitrogen solubility is (wt. 
:11.07  11.18%) - phase where the iron atoms are replaced by 
nitrogen atoms. 
 
 
Fig. 2. (a) phase diagram Fe - N, (b) nitrogen solubility in the ferrite [4]. 
 
Structure of the nitrided external surface:  
By nitriding, compounds or nitrides are formed in the surface layer of the interactive diffusion zone. As soon as iron 
and its alloys are saturated with nitrogen  phase (Fe2-3 N) is directly formed on the surface followed by a layer of 
'  phase (Fe4 N), [4,5]. 
Based on the structure of iron alloys the amount and composition of phases are changed according to elements forming 
alloy, for example (Mn, Cr, Mo, etc.,) with the exception of elements (Al, Si, Ti) which reduce nitrogen solubility in the 
- phase, thus causing lower nitrogen concentration and thickness of the nitrided layer, while the presence of these 
elements  develops the nitrided layer of '  phase with formation of continuous layers or layers of  the needle shapes  
on the borders of slides and granules probably extending to great depth, resulting in fragility of interactive diffusion 
zone. Also, a high concentration of nitrogen in the nitrided layers forms  phase (Fe2 N) which 
-phase is cooled, where the concentration of nitrogen is (wt. 11% - 11.32% N). When steel is nitrided 
by rich gas ammonia, nitrides and oxides are formed. Here it is noteworthy that nitriding in medium rich in nitrogen can 
be associated with frangibility of surface layers and appearance of pores, thus destroying this layer [6,7].  
Depending on research findings of [8,11] the generated pores and cracks appear in the  at nitrogen 
concentration of more than wt.8.15% in the nitrided layer. This part of the nitrided layer, once cooled quickly, remains 
single phase with a low concentration of nitrogen wt. 6.1% - 7.15%. Following slow cooling the nitrided layer becomes 
'  phase. ' as time of nitriding increases, but more cracks 
-phase.  
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 Structure of the nitrided internal layer: 
The internal nitrided zone is multiphase: solid solutions of fundamental metal nitrides, nitrides of elements forming 
alloy and others. Based on the chemical activity of alloy elements two zones of internal nitriding can be observed: The 
first consists technically of pure metals and low amounts of nitrides of alloy elements. These zones consist of solid 
solutions. The micro-hardness of the first type is low (150  300 kg/mm2), but it increases the capacity of steel overload 
[12-17]. 
The second type is formed in alloy elements more compatible with nitrogen than the base metal, so the nitrogen is 
significantly dissolved in these elements and its diffusive movement is greater than that of elements forming alloy.  
 Importance and aims of research: 
The importance of this research is to maximize the hardness of the surface layers of steel tools and pieces of special 
interest, and thus to resist abrasion and corrosion. Simultaneously, the inner part remains flexible to absorb the shock to 
which the pieces are experienced during the service. Therefore, the purpose of this study was:  
1. determine the micro-hardness of plain carbon steel ( B St-3 sp ) after heat gas treatment by Vickers method using 
MHT-3 tester.  
2. study the microstructure after heat gas nitriding  using optical microscope MNM-8 and scanning electron microscope 
(JMS- 6490LV).  
3. for testing corrosion resistance, the samples were monthly plunged in seawater for a year, and the monthly corrosion 
rate  )%/( mm was determined using the electronic balance mmin = 0.01gr.  
 Experimental Procedure:  
The samples of plain carbon steel ( B St-3 sp)were prepared in the form of cylinder bars with 6  8 mm  diameter and 
50mm long. They were placed in a quartz tube for 45min inside the heat chamber of electric furnace at room 
temperature (Fig.3). Meanwhile, the ammonia gas was pumped into the chamber to discharge air from the system. 
Nitriding was conducted in the quartz tube for 8 h at temperatures (600 0C , 800 0C , 950 0C). Temperature was 
measured using the thermocouple of platinum at accuracy ± 10 0C. Speed of gas flow to operating medium was 
25cm3/min. After nitriding the samples were left cooling inside the heat chamber to room temperature. For micro-
hardness measurements, the samples were ejected from the furnace, from each sample a transitional cross-section was 
made and in good way sophisticated . To determine the micro-structure and phase types,  a developing process for 
samples was carried out by means of 96% ethanol plus 4% HNO3. On the other side, for determining the corrosion rate 
the samples were put together in a cloth sac and then it was monthly immersed in seawater for a year. After that, each 
month the samples were pulled out from the seawater, cleaned, dried, weighed and then again returned to the seawater. 
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Fig. 3: Diagram of the apparatus used in heat gas treatment of samples.  
1.ammonia cylinder; 2 cylinder of butane and propane (for treatment by gas mixture); 
           3 , 4 valves ; 5 ,6 ,7  control valves; 8 , 9 gas pressure gauges; 10 electric heat assembly; 11 quartz tube; 12 
samples; 13 power supply; 14 water basin. 
  
 Results and Discussion:  
The micro-hardness was determined by using Vickers technique where small loads p were used with load-time (5 - 10 
sec). The micro- hardness of materials is considered as ratio between loading and impact of the printed area A on the 
surface of the sample under study . The number of micro-hardness HV is given by the following relation [3 , 4]:  
      /mmN  ,    
d
p1.8544 )2/sin(2 22A
pHV
 
  
0 the angle between the two adjacent sides of the diamond pyramid whose base is square, d is the average 
diameter of the spurred mark on the surface of the sample. 
Figure 4 shows the results of distributed micro- hardness in terms of thickness of the diffusion layer in (B St-3 sp)after 
NH3 gas heat treatment at temperatures (600 oC, 800 oC, 950 oC) for 8 h. This profile shows that the micro-hardness at 
600 0C fluctuated in the range (150  300 Kg/mm2). The major contribution to increase the micro-hardness is ascribed 
 phase which contains pores and voids filled with atomic nitrogen. Increasing temperature to 800 0C the micro-
hardness values ranged in the interval (150  420 kg/mm2).  Major increase in micro- '  phase 
(solid solutions of nitrides Fe4 N). Moreover, low overlap of hardness distribution curves at the surface   layer at 
different temperatures and a sharp decline of the hardness of the layer near the surface were noticed at 800 0C. With 
increasing temperature to 950 0 -phase disappears and the micro-hardness ranging in the interval (150  350 
kg/mm2). This is consistent with the results of [5,6].  Fe uniform layer, but 
- layer where nitriding will continue because the holes and gaps in this case are filled with atomic nitrogen 
considered as reservoirs for the supply of nitrogen atoms moving between holes and pores, resulting in continuous 
nitriding even after stopping ammonia gas pumping into treatment chamber.  
To verify this data we studied the micro-structure of the ( B St-3 sp ) with a optical microscope (Fig. 5) which shows 
the change of micro-structure in terms of temperature after nitriding for 8 h and using scanning electron microscope 
(JMS  6490 LV) equipped with X-ray scanner to determine the distribution the main element concentration of the 
entire thickness of the diffusion layer after nitriding (Fig. 6). Figure 7 shows the resistance of plain carbon steel ( B St-3 
sp ) after heat gas nitriding against corrosion when the samples are immersed in  seawater for one year  near Higher 
Institute for Marine Research in Lattakia where seawater pH is 8.2 and the salinity 38.3   
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Fig. 4. Correlation between HV with depth for plain carbon steel (B St-3 sp) 
After heat gas nitriding. 
 
 
 
 
 
 
 
 
 
Fig. 5. Micro-structure of the ( B St-3 sp) after heat gas nitriding with a scanning electron microscope.  
(a) untreated case (preliminary case ), (b) after heat gas nitriding for 8h, 600 oC,  
(c) after heat gas nitriding gas for 8h, 800 oC, (d) after heat gas nitriding for 8h at 950 oC.(X200) 
 
(a) (b) (d)(c)
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Fig. 6. Micro-structure of the ( B St-3 sp ) after heat gas nitriding taken by scanning electron microscope. (a) after heat gas nitriding for 8h at 950 0C 
(b) distribution of the concentration of elements (nitrogen, oxygen, carbon) in the sample. 
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Fig. 7. represents corrosion rate after sample ( B St-3 sp ) immersion in seawater for one year 
Conclusions and Recommendations: 
1. An increase in the thickness -layer in interactive zone by 1.5 times than the diffusion zone was noticed. It is 
ascribed to the available of pores - phase, which explain the much larger solubility of 
nitrogen in this phase. 
2. Heat gas (NH3) treatment increased micro-hardness about 2.5 times in the diffusion layer, keeping the core sample 
flexible to absorb external shocks and stresses. 
3 . An increase in ( B St-3 sp )  resistance against corrosion after nitriding above Curie temperature due to seawater 
compared with its resistance to corrosion at a temperature lower than the Curie point. This may be due to the 
heterogeneity of the surface layer nitriding in the latter case. 
4. Further study on the effect of gas mixture on the mechanical properties of ( B St-3 sp ) is recommended.  
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